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MEANS FOR STABILIZATION OF THROMBIN AND COMPOSITIONS 

Technical Field 
The present invention relates to a means for the 
stabilization of thrombin and to a composition containing the 
stabilized thrombin. More particularly, it relates to a means 
for the stabilization of a thrombin reagent used in the field 

U-.l 

of clinical tests and to a reagent containing the stabilized 
P thrombin . 



Background of the Invention 
Thrombin which is an enzyme for conversion of fibrinogen 
to fibrin plays a very important role in a process of blood 
coagulation reaction . In the field of clinical laboratory tests, 
it is frequently used for measuring the concentration of 
fibrinogen using thrombin and for measuring the activity of 
thrombin-inhibitors such as anti-thrombin activity, hirudine 
activity and chemical synthesis inhibitor. 

However, thrombin is unstable in general and, for its 
preservation for a long period, it is usually preserved after 
subjecting to a f reeze-drying treatment. 

Attempts for the stabilization of thrombin have been 
abundantly carried out up to now. They arementioned, forexample, 
in Japanese Patent Laid-Open No. 39782/1981, Japanese Patent 
Publication No. 76292/1991, Japanese Patent Laid-Open Nos. 
93536/1989, 53732/1990, 40433/1989, 33799/1995 and 328436/1997, 
Japanese Patent Publication No. 13750/1996, Japanese Patent 
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Laid-Open No. 165604/1995, Japanese Patent Publication No. 
64747/1995, Japanese Patent Laid-Open Nos . 192723/1988 and 
320683/1992, Japanese Patent Publication No. 26956/1983 and 
Japanese Patent Laid-Open Nos. 52267/1998, 112721/1985 and 
68607/1981. 

However, any of them is not perfect as a method for the 
stabilization of thrombin and, particularly for use as a 
jjS diagnostic agent for clinical laboratory tests, any of them does 

9 not show a sufficient stabilization. 

In the meanwhile, thrombin used as a measuring reagent 
£) is prepared in such a manner that thrombin usually derived from 

human being or animals is added to a solution containing buffer 
or stabilizer to give an aimed titer and is preserved and used 
S as a solution or a freeze-dried product. The thrombin reagent 

P prepared as such is used in various objects as mentioned already 

f " 1 and, in any of the cases, activity of thrombin itself is measured 

finally whereby the aimed object is achieved. 

With regard to measurement of the thrombin activity, a 
measuring method using an artificially synthesized substrate 
and a measuring method using fibrinogen which is a natural 
substrate are commonly used. For the former, colorimetric 
analysis is usual while, for the latter, analysis of coagulation 
time is common . In the latter method for analysis of coagulation 
time, there has been known a method where coagulation time is 
determined by detecting the changes in scattering light or 
transmission light and a physical method where coagulation time 
is determined by detecting the fact that spheres become unable 
to move due to formation of coagulation. 

The biggest problem in measuring the coagulation time in 



the above-mentioned detecting methods is that the 
reproducibility of the measurement is poor. Especially, the 
conversion reaction of fibrinogen to fibrin using thrombin is 
a reaction of transition from a liquid phase reaction to a solid 
phase one and it has been known to be greatly affected by the 
reaction condition such as pH and ionic strength. As a result 
of the influence of such reaction conditions, reproducibility 
is poor . Under such circumstances, there has been a brisk demand 
for construction of a measuring system using liquid and stable 
thrombin, being unaffected by the reaction condition and having 
a good reproducibility. 

Disclosure of the Invention 
An object of the present invention is to provide a means 
for the stabilization of thrombin, a composition containing 
thrombin which is stabilized and has a good reproducibility for 
the measurement and a reagent using the said composition. 

The present inventors have carried out an intensive 
investigation and, asaresult, theyhave found that , when calcium 
ion or a mixture of calcium ion and water-soluble organic acid 
is contained in thrombin, inactivation of thrombin can be 
prevented in all of the cases of a solution state, a f reeze-dried 
product and a solution prepared by reconstituting after a 
freeze-drying treatment. They have further found that 
surfactant, protein, etc. have a stabilizing effect to thrombin 
in addition to calcium ion and water-soluble organic acid. It 
has been also found that a thrombin reagent having a good 
reproducibility in the measurement can be prepared by such a 
way that one or more of high-molecular polysaccharides or 
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synthetic polymers is/are mixed therewith and contained therein 
in addition to the above-mentioned substances showing a 
stabilizing effect . As a result, the present invention has been 
achieved. 

Thus, the present invention comprises 

(1) a means for the stabilization of thrombin, 
characterized in that, effective amount (s) in terms of 
thrombin-stabilization of one or more compound (s) having a 
thrombin-stabilizing function selected from calcium ion, 
surfactant and protein is/are contained; 

(2) the means for the stabilization of thrombin according 
to the above (1), wherein effective amount (s) in terms of 
thrombin-stabilization of one or more compound (s) having a 
thrombin-stabilizing function selected from calcium ion, 
surfactant and protein and, in addition, a water-soluble organic 
acid having a thrombin-stabilizing action are contained; 

(3) the means for the stabilization of thrombin according 
to the above (2) , wherein at least calcium ion and water-soluble 
organic acid are jointly used and effective amounts thereof in 
terms of thrombin-stabilization are contained therein; 

(4) a thrombin-containing composition where at least one 
of the stabilization means for thrombin of from the above (1) 
to (3) is introduced; 

(5) the thrombin-containing composition according to the 
above (4), wherein an effective amount of a substance having 
a measurement-reproducible improvement-function which is 
compounded of one or more being selected from high-molecular 
polysaccharides and/or synthetic polymers is contained with an 
object of securing the reproducibility of measurement of activity 



of the substance to be tested using a reagent containing thrombin; 

(6) the thrombin-containing composition according to the 
above (4) or (5), wherein the composition is liquid; 

(7) a method for the manufacture of a thrombin-containing 
composition into which at least one of the stabilizing means 
for thrombin described in the above (l)-(6) is introduced; and 

(8) a method for the measurement using a 
thrombin-containing composition into which at least one of the 
stabilizing means for thrombin described in the above (l)-<6) 
is introduced is used as a reagent. 

Best Mode for Carrying Out t he Invention 
The means for the stabilization of thrombin in accordance 
with the present invention and the thrombin-containing 
composition into which the said stabilizing means is introduced 
will be illustrated in more detail as hereunder. The means for 
the stabilization of thrombin according to the present invention 
is characterized in that effective amount (s) in terms of 
thrombin-stabilization of one or more compound (s) having a 
thrombin-stabilizing function selected from calcium ion, 
surfactant and protein is/are contained. It may also be a means 
for the stabilization of thrombin where, in addition to the said 
compound(s), a compound which is a water-soluble organic acid 
and has a thrombin-stabilizing function is further and jointly 
used. The amount effective in terms of stabilization of the 
compound having a stabilizing function means an amount by which 
stability is improved and, although there is no particular 
limitation therefor, it for example means an amount of the 
compound having a stabilizing function to such an extent that 
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at least 50%, preferably at least 60% or, more preferably, at 
least 70% of activity as compared with the thrombin activity 
immediately after preparation of the thrombin solution is 
maintained when a solution containing thrombin is preserved at 
25°C for six months . Here, the term "a means" stands for a method 
and/or a medium used for achieving the object. 
(Thrombin) 

The thrombin which is to be stabilized by the stabilizing 
means for thrombin in accordance with the present invention may 
be any of that derived from animals, derived from human plasma 
and prepared by a genetic engineering means. Concentration of 
thrombin in a solution in the thrombin-containing composition 
into which the said stabilizing means is introduced is not 
particularly limited but its activity may be just adjusted to 
the aimed activity value. 
(Calcium Ion) 

With regard to calcium ion used for a stabilizing means 
for thrombin, there may be exemplified water-soluble calcium 
compounds such as calcium chloride, calcium lactate, calcium 
gluconate, calcium glucuronate and calcium tartrate. With 
regard to such calcium compounds, one of them or two or more 
thereof may be selected and used. 

The effective amount for the stabilization of calcium 
compound to thrombin may be an amount for just improving the 
stability and, although there is no particular limitation, the 
final concentration of the compound when thrombin is in the 
dissolved liguid state is preferably from 5 mM to 100 mM and, 
more preferably, from 10 mM to 50 mM. 
(Organic Acids) 
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With regard to the organic acid used as a stabilizing means 
for thrombin, a water-soluble one is used and there may be 
exemplified formic acid, acetic acid, propionic acid, butyric 
acid, valeric acid, oxalic acid, malonic acid, succinic acid, 
gluconic acid, lactic acid, glucuronic acid, glycolic acid, 
tartaric acid, malic acid, citric acid, tartaric acid, glutaric 
acid, aminoacetic acid and aminocaproic acid. Such an organic 
acid may be either a free acid or a salt thereof. One of them 
or two or more of them may be selected and used. 

The effective amount for the stabilization of the organic 
acid to thrombin may be an amount for just improving the stability 
and, although there is no particular limitation, the final 
concentration of the organic acid when thrombin is in the 
dissolved liquid state is preferably from 10 mM to 500 mM and, 
more prefgggfbl^v from 50 mM to 200 mM. 
^Surf actanx) 

Witfr-regard to the surfactant, there may be exemplified * 
anionic surfactants such as sodium dodecylsulf ate, sodium 
dodecylsulfonate, sodium dodecyl-N-sarcosinate, sodium cholate, 
sodium deoxycholate and sodium taurodeoxycholate ; cationic 
surfactants such as cetyltrimethylammonium bromide, 
tetradecylammonium bromide and dodecylpyridinium chloride; 
amphoteric surfactants such as 

3- [ (3-cholamidopropyl) dimethylammonio] -1-propanesulf onic 
acid (CHAPS) , 3- [ (3-cholamidopropyl) dimethylammonio] - 
2-hydroxy-l-propanesulf onic acid (CHAPSO) , palmitoyltoluidine, 
dodecyl-N-betaine and dodecyl-p-alanine; and nonionic 
surfactants such as octyl glucoside, peptyl thioglucoside, 
decanoyl-N-methylglucamide, polyoxyethylene dodecyl ether, 



polyoxyethylene heptamethylhexyl ether, polyoxyethylene 
isooctylphenyl ether^-t^affEon X se7ies>, polyoxyethylene 
nonylphenyl ether, polySscyethylese-fStty acid ester, sucrose 
fatty acid ester and polyoxyethylene sorbitol ester (Tween 
series) . 

Among those surfactants, there are particularly 
preferably used nonionic ones. One of them may be selected and 
used or two or more thereof may be selected and used jointly. 

The effective amount for the stabilization of the 
surfactant to thrombin may be an amount for just improving the 
stability and, although there is no particular limitation, the 
final concentration of the surfactant when thrombin is in the 
dissolved liquid state is preferably 0.001-1 weight /volume % 
and, more preferably, 0.05-0.1 weight/volume %. 
(Protein) 

With regard to the protein used as a stabilizing means 
for thrombin, there may be exemplified albumin, gelatin and 
globulin and those having no physiological or biochemical 
function to thrombin may be used in general. One of those 
proteins may be selected and used or two or more thereof may 
be selected and used jointly. 

The effective amount for the stabilization of the protein 
to thrombin may be an amount for just improving the stability 
and, although there is no particular limitation, the final 
concentration of the protein when thrombin is in the dissolved 
liquid state is preferably 0.05-10 weight /volume % and, more 
preferably, 0.1-5 weight /volume %. 

The above-mentioned calcium ion, water-soluble organic 
acid, surfactant and protein used as the means for the 
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stabilization of thrombin are used by taking the influence of 
thrombin on enzymatic activity when thrombin is preserved in 
a state of solution, in a dry state or in a state where f reeze-dried 
product is dissolved, etc. into consideration. Even when one 
of them is used solely, the stabilizing effect is available and, 
when two or more are selected and used, more stabilizing effect 
can be expected. It is preferred to use two or more members 
jointly. It is particularly preferred to use calcium ion and 
a water-soluble organic acid jointly whereby the stabilizing 
effect to thrombin resulted thereby is almost 100%. When two 
or more of the above-mentioned compounds having a stabilizing 
function to thrombin are used jointly, each of the compounds 
may be used within a usable range of each compound. Both in 
the case where each of the compounds is used solely and in the 
case where two or more are used jointly, the above-mentioned 
concentration (s) is/are contained in a liquid preparation when 
thrombin is a liquid preparation while, when thrombin is a dry 
preparation or a f reeze-dried preparation, the compound (s) is 
contained after adjusting to such a manner that the final 
concentration (s) upon finally making into liquid is/are made 
the above-mentioned concentration (s) . 

(Additives for Improving the Reproducibility of 

Measurement) 

In the present invention, in addition to the 
above-mentioned means for the stabilization of thrombin 
according to the present invention, it is also possible that 
one or more which is/are selected from high-molecular 
polysaccharides and synthetic polymers is/are combined and 
its/their effective amount (s) is/are contained therein. In 
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that case, the effective amount for reproducibility of the 
measurement may be an amount whereby the reproducibility can 
be improved and, although there is no particular limitation 
therefor, it is for example in such an amount that, when the 
substance to be tested is measured for 20 times using a reagent 
containing thrombin, a CV value (coefficient of variation) is 
able to be kept 10% or less, preferably 7% or less and, more 

preferably, 5% or less. 

With regard to the high-mole cu lar substanc es, there may 
be exemplified dextran 40^, dextran T^l^^WOO, dextran 
500,000 and Ficol and, with regard to the synthetic poly mers^ 
theremaybeexem P lifiedpolyvinylalcohol500,polyvinylalcohol 

1500, polyvinyl alcohol 2000, polyethylene glycol 1500, 
polyethylene glycol 2000, polyethylene glycol 4000, 
polyethylene glycol 6000, polyethylene glycol 8000, 
polyethylene glycol 20000 and polyvinylpyrrolidone . However, 
they are not limitative but there may used other substances which 
have the same action and are able to achieve an improvement in 
the measurement reproducibility for the test substance using 
a thrombin-containing reagent. With regard to those 
high-molecular substances, one of them may be selected and used 
or two or more may be selected and used jointly. 

The effective amount for the reproducibility of the 
high-molecular polysaccharides or synthetic polymers may be an 
amount f or j ust improving the reproducibi lity and , although there 
is no particular limitation, the final concentration of them 
when thrombin is in the dissolved liquid state is preferably 
1-10 weight/volume % and, more preferably, 1~3 weight /volume %. 
The above-mentioned concentration (s) is/are contained in a 
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liquid preparation of thrombin when thrombin is a liquid 
preparation while, when it is a dry preparation or a freeze-dried 
preparation, the compound(s) is contained after adjusting to 
such a manner that the final concentration ( s) upon finally making 
into liquid is/are made the above-mentioned concentration (s) . 
(Thrombin-Containing Composition) 

The thrombin-containing composition of the present 
If: invention contains one or more compound (s) having a 

thrombin-stabilizing function selected at least from calcium 
ion, surfactant and protein in thrombin in an amount effective 
for the stabilization of thrombin or it further contains a 
water-soluble organic acid having a thrombin-stabilizing effect 
k in its effective amount. In addition to such compounds having 

a thrombin-stabilizing function, one or more compound (s) 
selected from high-molecular polysaccharides and synthetic 
polymers in effective amount (s) thereof may be contained therein 
so as to improve the reproducibility of the measurement of the 
substance to be tested using a thrombin-containing reagent . In 
the thrombin-containing composition, a buffer is usually used 
in liquid state. With regard to its type, a buffer having a 
buffering ability within a range of P H 4-9 is appropriately 
selected and used. There may be used, for example, one or more 
which is/are selected from HEPES, MOPS, BIS-TRIS, TRIS, MOPSO, 
ADA, MES and the like. An appropriate antiseptic agent may be 
added to the thrombin-containing composition as well. With 
regard to the preservative agent, one or more which is/are 
selected from ciprofloxacin, propionic acid, sodium benzoate, 
etc. may be used. If necessary, salt such as sodium chloride 
and common stabilizers such as amino acid and saccharide may 
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also be contained therein. 

The thrombin-containing composition prepared as such has 
a high stability as compared with the conventionally used 
thrombin reagents and compositions and its reproducibility in 
the measurement of the substance to be tested using a 
thrombin-containing reagent is good as well. 

To be more specific, 5 mM to 100 mM of calcium ion such 
as calcium lactate are added to 5 mM to 25 mM of a buffer, then 
10 mM to 500 mM of an organic acid such as acetic acid are added 
thereto and, after that, synthetic polymers such as polyvinyl 
alcohol 500 in an amount of 1-10 weight /volume % and/or surfactant 
such as Tween 80 in an amount of 0.001-1 % are further added 
thereto. Concentrations of those compounds to be added may be 
appropriately adjusted. After addition of the preservative 
agent, P H of the solution is adjusted to about 6-7 whereupon 
amother liquor is prepared . Into this mother liquor is dissolved 
thrombin in an aimed concentration or in an active amount to 
prepare a thrombin solution. The resulting solution may be 
filtered using a filter having an appropriate pore size. The 
thrombin solution prepared as such may be used as a liquid reagent 
as it is or, after subjecting to a f reeze-drying treatment, it 
is made into a preparation as a f reeze-dried reagent and is used. 
The above-mentioned specific examples just show the examples 
of the thrombin-containing composition and the present invention 
is not limited to such examples. 

Examples 

The present invention will now be illustrated in more 
detail by way of the following examples although the present 



invention is not limited thereto. 
(Example 1) 

There were prepared four kinds of solutions, i.e. a 20 
mM HEPES buffer (pH 6.0) (nothing-added solution); a solution 
prepared by adding 25 mM calcium lactate to the above buffer 
(Ca-added solution) ; a solution prepared by adding 100 mM acetic 
acid to the above buffer to adjust to pH 6.0 (acetic acid-added 
solution) ; and a solution prepared by adding 25 mM calcium lactate 
to the acetic acid-added solution (two substances-added 
solution) and to each of the solutions was added human thrombin 
so as to make its concentration 100 NIH units/ml whereupon a 
thrombin solution was prepared. To the thrombin solution 
prepared as such was added 0 . 1 weight /volume % of ciprofloxacin 
as an preservative agent, the mixture was subjected to a sterile 
filtration using a filter of 0 . 22 urn and each 3 ml of the mixture 
were placed in each glass bottle, tightly sealed and preserved 
at 25°C. The residual activity of thrombin was measured 
immediately after the preparation and after 1, 2, 3, 4, 5 and 
6 month ( s ) in accordance with the Japanese Pharmacopoeia to check 
the stabilizing effect for thrombin. The result is shown in 
Table 1. 
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Table 1 



(Residual Activity of Thrombin; 


Preserved at 25°C) 








Reserved Period 






Immediate- 
ly after 
Preparation 


After 
One 
Month 


After 
Two 
Months 


After 
Three 
Months 


After 
Four 
Months 


After 
Five 
Months 


After 
Six 
Months 


Nothinq-Added 


100 


89 


84 


57 


35 


17 


8 


Ca-Added 


100 


93 


90 


88 


83 


81 


72 


Acetic Acid-Added 


100 


97 


93 


89 


85 


82 


74 


Two-Substances Added 


100 


100 


101 


98 


100 


97 


102 












(unit : 


%) 



The result shows that, when at least calcium was added, 
thrombin was stabilized and, even after preserved at 25°C for 
six months, residual activity of 72% was maintained. Although 
the effect by addition of acetic acid is as same as that disclosed 
in Japanese Patent Laid-Open NO. 39782/1981, when calcium was 
further added in addition to acetic acid which is an organic 
acid, the stabilizing effect was further improved and, even after 
preserved at 25°C for six months, a decrease in the thrombin 
activity was not noted at all but a complete stabilization was 
found to be achieved. 
(Example 2) 

To 10 mM HEPES buffer (pH 7.0) were added 150 mM sodium 
chloride and 0 . 1 weight /volume % sodium azide and, after that, 
a solution where calcium lactate was added thereto so as to make 
its concentration 20 mM and a solution where calcium lactate 
was not added thereto were prepared. To each of the solutions 
was or was not added polyvinyl alcohol 205 (PVA 205) , polyvinyl 
alcohol 500 ( PVA 500) or polyvinyl alcohol 1500 (PVA 1500) to 
prepare solutions containing 0, 0.1, 0.5, 1, 2, 3 and 5 
weight/volume % thereof. 

Thrombin was dissolved in each of the solutions to make 
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100 NIH units/ml whereupon thrombin solutions were prepared. 
Each of the thrombin solutions was used for the measurement of 
fibrinogen concentration in a commercially available control 
plasma. The control plasma was diluted to an extent of 10-fold 
using a buffer for the measurement of fibrinogen to prepare a 
sample, 50 ul of the already-prepared thrombin solution were 
added to 100 ul of the said sample and the time until coagulation 
took place at 37°C was measured. 

The above-mentioned series of operations were carried out 
using a fully automated coagulation analyzer (Coagrex 700; 
manufactured by Shimadzu) . The same sample was measured for 
20 times at the same time and, based on the resulting coagulation 
time, the coefficient of variation was determined and the 
reproducibility was compared. The result is shown in Table 2. 

Table 2 



20 mM Cal- 
cium Lactate 


Type of PVA 
Used 


Polvvinvl Alcohol (PVA) Concentration 


Not Added 


0.1% 


0.5% 


1% 


2% 


3% 


5% 






20.1 I 


17.8 


18.6 


15.5 


14.3 


14.3 


16.5 


Not Added 




22.3 


, 15.0 


, 17.8 


15.3 








PVA 1500 


20.6 


19.3 


"17.5 1 


"14.7 












13.6 


9.0 


8.6 


8.6 


4.3 


4.9 


6.5 


Added 




16.3 


5.0 


7.8 










PVA 1500 


15.6 


9.0 


7.5 


3.7 










(unit: CV %) 



From Table 2, it is apparent that the coefficient of 
variation is smaller in thrombin solutions to which 20 mM of 
calcium lactate are added than the thrombin solutions to which 
no calcium lactate is added whereby the reproducibility is 
improved. It has been also found that, when polyvinyl alcohol 
is added, an improvement in reproducibility is achieved and the 
effect is maximum when it is 1-3 weight /volume %. From the 



results of Examples 1 and 2, calcium ion is found to have a 
stabilizing effect to thrombin and to be effective for an 
improvement in the reproducibility. 
(Example 3) 

The same operation as in Example 2 was carried out except 
that dextran 40 (Dex 40) , dextran 70 (Dex 70) and dextran 200 , 000 
(Dex 200) were used instead of polyvinyl alcohol, that their 
concentrations were made 0.1, 0.5, 1, 3, 5, 6, 8 and 10 
weight/volume % and that 20 mM calcium lactate were contained 
in all of them whereupon the reproducibility was compared. The 

result is shown in Table 3. 

Table 3 

(Reproducibility of Dextran-Added but Non-Calcium-Added 

Thrombin Reagents) 



Type of 
Dex 


Dexl 


ran (Dex) 


Concentration 








Not Added 


0.1% 


0.5% 


1% 


3% 


5% 


6% 


8% 


10% 


Dex 40 


13.6 


21.0 


12.8 


9.9 


4.8 


3.4 


3.4 


3.7 


4.3 


Dex 70 


16.3 


7.3 


9.7 


6.1 


3.3 


6.7 


6.5 


6.7 


6.7 


Dex 200 


15.6 


20.1 


14.2 


8.8 


4.6 


5.8 


5.5 


6.3 


7.0 



(unit: CV%) 

It is noted from Table 3 that an improvement in the 
reproducibility is achieved when dextran which is a 
high-molecular polysaccharide is added and the effect is maximum 
at the concentrations of 1-10 weight/volume %. 
(Example 4) 

As the samples, there were prepared nine kinds of solutions, 
i.e. 20 mMHEPES buffer pH 6.0) (non-added solution) ; a solution 
prepared by adding 25 mM calcium lactate to the said buffer to 
adjust to pH 6.0 (Ca-added solution); a solution prepared by 
adding 100 mM acetic acid to the said buffer to adjust to pH 
6 . 0 (acetic acid-added solution) ; a solution prepared by adding 
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0.02 weight/volume % Tween 80 to the said buffer to adjust to 
pH 6.0 (Tween 80-added solution) ; a solution prepared by adding 
1.0 weight /volume % bovine serum albumin to the said buffer to 
adjust to pH 6.0 (1% BSA) ; a solution prepared by adding 2.0 
weight/volume % bovine serum albumin to the said buffer to adjust 
to pH 6.0 (2% BSA); a solution prepared by adding 0.1 
weight/volume % aqueous gelatin to the said buffer to adjust 
to pH 6.0 (aqueous gelatin); a solution prepared by adding 25 
mM calcium lactate to the above acetic acid-added solution to 
adjust to pH 6.0 (two-substances-added solution) ; and a solution 
prepared by adding 25 mM calcium lactate and 0 . 02 weight/volume % 
Tween 80 to the above acetic acid-solution to adjust to pH 6.0 
(three-substances-added solution) . To each of them was added 
human thrombin to make its concentration 100 NIH units/ml 
whereupon thrombin solutions were prepared. 

To each of the thrombin solutions prepared as such was 
added 0 . 1 weight/volume % of ciprofloxacin as an antiseptic agent, 
the mixture was subjected to a sterile filtration using a filter 
of 0.22 ^m and each 3 ml of the mixture were placed in each glass 
bottle, tightly sealed and preserved at 25°C. The residual 
activity of thrombin was measured immediately after the 
preparation and after 1, 2, 3, 4, 5 and 6 month(s) in accordance 
with the Japanese Pharmacopoeia to check the stabilizing effect 
for thrombin. The result is shown in Table 4. 

Table 4 





Preserved Period 






Immediately 
after Prepn 


One 
Month 


Two 
Months 


Three 
Months 


Four 
Months 


Five 
Months 


Six 
Months 


Nothing Added 


100 


89 


79 


57 


35 


17 


8 



18 



a 
m 
%p 
i* 
m 

ill 
in 

0 

iu 
si 



Ca-Added 


100 


93 


90 


88 


83 


81 


72 

—t A 


Acetic Acid-Added 


100 


97 


93 


89 


85 


82 


74 


I ween ou-muuou 


100 


94 


92 


87 


84 


81 


78 


1% BSA-Added 


100 


95 


91 


89 


83 


80 


75 


2% BSA-Added 


100 


90 


86 


83 


78 


74 


72 


0.1% Water-Soluble 
Gelatin-Added 


100 


91 


85 


83 


78 


75 


73 


Two-Substances-Added 


100 


100 


101 


98 


101 


97 


102 


Three-Substances-Added 


100 


102 


98 


101 


100 


101 


100 




fnn-i 1- - % \ 



no 



The result is that, as compared with a solution containing 
additive, stability of thrombin was improved by additi-Qn^oJ 
Ca, aceticacid, TweenSO, 1% BSA, 2% BSAand water-soluble aelatii 
and that, in a solution where two substances (Ca and acetic acid) 
were added and a solution where three substances (Ca, acetic 
id and Tween 80) were added, stability was further improved. 
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Industrial Applicability 
As fully illustrate hereinabove, thrombin was stabilized 
by addition of at least calcium and, as a result of supplementary 
addition of organic acid, a further stabilizing effect was 
achieved. It was furthermore found that surfactant and protein 
were useful for the stabilization of thrombin. In addition, 
calcium ion was found to be effective for an improvement in the 
reproducibility of measurement of thrombin activity together 
with a stabilizing effect to thrombin. Moreover, 
high-molecular polysaccharides and synthetic polymers were 
found to be useful for an improvement in the reproducibility 
of measurement of thrombin activity. Thus, a stabilizing means 
for thrombin and a thrombin-containing composition into which 
a stabilizing means is introduced in accordance with the present 
invention provide a stabilizing means which has not been 
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available until now and provide an extremely useful reagent 
composition for clinical tests. 



